We present a sample of 968 K5-M6 dwarfs detected in the AKARI-IRC Point Source Catalog. The vast majority of these low-mass stars have brightnesses in the AKARI broad 9-micron (S9W) filter that match expectations of model photospheres. Mismatched double stars have been excluded. Hot (200-600K) debris disks can produce excesses in this mid-infrared filter. We discuss five M dwarfs which have excesses that may be significant but require independent confirmation. We also discuss 50 detections with the L18W filter, and support the claimed Spitzer detection of a warm debris disk around AT Mic. We also report a previously unrecognized disk around a T Tauri star.
Introduction
Since the IRAS sky survey, mid-infrared astronomy has revealed both protoplanetary circumstellar disks around young stars (Beichman 1987) and "debris disks" around older stars (Wyatt 2008) . The most common type of star, representing masses from ∼ 0.08 to ∼ 0.6M ⊙ , is the M dwarf (Reid & Hawley 2005) . Although the tremendous luminosity of A stars helps make their disks relatively easily observable, and G dwarfs are similar to our own Sun, a complete understanding of stars and their planetary systems requires an accounting of M dwarfs.
Despite their frequency -some two thousand M dwarfs within 25 parsecs are known (Reid et al. 1995) -their low luminosities (L < 0.1L ⊙ ) make them difficult mid-infrared targets. In their re-analysis of IRAS data, Rhee et al. (2007) report that only one M dwarf, AU Mic (Gl 803), was detected. AU Mic has a debris disk that has also been detected in the submillimeter (Liu et al. 2004 ) and imaged by Hubble Space Telescope (Kalas et al. 2004 ). Earlier IRAS-based studies that claimed numerous detections and a systematic difference between active (dMe) and inactive stars (dM) are apparently incorrect. Song et al. (2002) , for example. showed apparent excesses in five M dwarfs were false. Plavchan et al. (2005) also found no excess at 11.7 microns with the Keck Telescope in a sample of nine M dwarfs that were either young or reportedly had IRAS excesses. The Spitzer Space Telescope has been used to study M dwarfs at high precision, but the pointed telescope has been limited to dozens of M dwarfs. Riaz et al. (2006b) found that eight M dwarfs show no evidence of an infrared excess due to chromospheric activity, while Mainzer et al. (2007) 's mid-infrared spectra of 10 M dwarfs showed no expected features or emission lines. Gautier et al. (2007) found no excesses at 24 microns in a sample of 62 M dwarfs. Plavchan et al. (2009b) , however, found excesses for the M4.5 dwarf AT Mic and the K7 dwarf Gl 907.1. Forbrich et al. (2008) report six M dwarf debris disk candidates in the ∼ 40 Myr old open cluster NGC 2547. Submillimeter detections of field M dwarf debris disks include the stars AU Mic, Gl 182 (Liu et al. 2004 ), Gl 842.2 (Lestrade et al. 2006 , and perhaps Gl 526 (Lestrade et al. 2009 ).
The AKARI, or ASTRO-F, satellite (Murakami et al. 2007 ) has scanned more than 90% of the sky at higher resolution and sensitivity than IRAS using the Infrared Camera (Onaka et al. 2007 ). The resulting AKARI-IRC Point Source Catalog (Ishihara et al. 2010 ) has a typical 5-sigma level of 50 mJy in the S9W (9 micron) and 120 mJy in the L18W (18 micron) filters, though the sky coverage is not uniform. Ita et al. (2010) have correlated the catalog with 2MASS (Skrutskie et al. 2006) and Hipparcos (Perryman et al. 1997) stars. This analysis, for example, led to the discovery of a bright debris disk around HD 165014 (Fujiwara et al. 2010) .
This high quality, mid-infrared sky survey allows us to investigate the properties of nearby M dwarfs. We present AKARI detections of stars in the range K5-M5. In Section 2, we present the AKARI matches. In Section 3, the implications for M dwarf photospheres and M dwarf debris disks are discussed.
AKARI data
The S9W and L18W filters used by the AKARI IRC camera are quite broad. As discussed in the AKARI-IRC Point Source Catalogue Release note (Kataza 2010), the effective wavelengths and flux calibration of AKARI are given for a constant energy (λ −1 ) source. M dwarf photospheres will be bluer, and thus have a different effective wavelength. If R i is the relative response (in electrons per photon) of the filter:
(1)
We can quantify this effect using a NextGen Hauschildt et al. (1999) model of a 3600K solar metallicity star with log g = 5.0, corresponding to an M1 or M2 dwarf, and the relative spectra response function (R i (λ)λ) tables for S9W and L18W from the AKARI website 1 . Figure 1 shows the quantity W = R i (λ)λf λ . Note the strong contributions from the bluer half of the filter: The effective wavelength for this M dwarf model is just 8.27 microns. As a result, M dwarfs in the AKARI IRC S9W sky survey will be brighter than their actual flux densities at 9 microns. As also shown in the figure, M dwarfs are considerably fainter at L18W, and furthermore AKARI is less sensitive there, so most known nearby M dwarfs are typically too faint to be detected in L18W. The NextGen model predicts λ ef f = 18.0 for L18W.
It is convenient to work in a magnitude system:
where F i is the flux density reported in the AKARI point source catalog for each filter. We have adopted the zero-points given by Ishihara et al. (2010) : 56.26 Jy for S9W and 12.00 Jy for L18W. This is a traditional system where A0 stars have zero color. To check these zero-points, I compare the magnitudes of nine A0V and A1V stars selected from Engelbracht et al. (2007) in the 2MASS and AKARI surveys ( Table 1) that have m S9W < 6. The mean K s − m S9W is -0.005, the median is -0.004, and the standard deviation is 0.05. I conclude the zero-points are appropriate. In this system, a 50 mJy source has m S9W = 7.63, so it is evident that only nearby M dwarfs will appear in the AKARI sky survey. A 120 mJy source has m L18W = 5.00. Note that no attempt is made to apply color terms under the philosophy that the reported magnitudes should correspond to observed brightnesses. Models can be used to be interpret the observations. As noted above, the catalog flux densities or magnitudes given for M dwarfs will not correspond to their flux densities at 9.00 microns.
For a sample of nearby M dwarfs, I primarily use the Palomar/Michigan State Survey (PMSU) survey (Reid et al. 1995; Hawley et al. 1996) , which was based on Gliese & Jahreiß (1991) . The advantage of this sample of over 2000 late-K and M dwarfs within 25 parsecs is that they have uniform spectroscopy. The band-strength index TiO5 is linearly correlated with spectral type over the range K5V-M6V.
A number of objects are included in the search sample for historical reasons that are actually more distant, young (T Tauri) stars. The star GJ 2084 (HD 98800, or TWA 4) was included in the PMSU, although it is now known to be a more distant (Perryman et al. 1997 ) member of the young TW Hydrae Association with a circumstellar disk (Furlan et al. 2007 ). It matches with AKARI-IRC-V1 J1122052-244639 with m S9W = 4.05 and K s − m S9W = 1.27. It would clearly be identified as have a mid-infrared excess from this data. The remarkable m L18W = 0.63 would confirm this. The Riaz et al. sample by its nature included a number of known T Tauri stars with larger excesses (K s − m S9W > 1.2), but we have excluded these sources from Table 2 . We consider two such members of the η Cha Association (Mamajek et al. 1999) . The observed AKARI S9W magnitudes of 6.96 and 5.91 for RECX 1 and RECX 11 respectively are consistent with the Spitzer/IRAC 8 micron magnitudes of 7.11 and 5.97 (Megeath et al. 2005) . With L18W, RECX 1 is not detected but RECX 11 has a magnitude of 4.14. This again is consitent with the expectations from Spitzer MIPS (Gautier et al. 2008) , where RECX11 is magnitude 3.90 at 24 microns. In short, we find that T Tauri type disks are easily detected in the AKARI data. We leave such objects out of our nearby M dwarf sample. We did note that the K7 Riaz et al. (2006a) source 2MASS J13335481-6536414 / 1RXS J133355.3-653641 matches AKARI-IRC-V1 1333554-653643, as well as IRAS 13303-6521. There is nearby M0.5 star (2MASS J13335329-6536473) in Riaz et al. (2006a) at 11 arcseconds which may contribute to the AKARI source. With magnitudes K s = 7.81, m S9W = 5.39 and m L18W = 3.74, even recognizing the nearby M dwarf, 2MASS J13335481-6536414 appears to be a previously unrecognized young T Tauri star with disk. The lack of significant proper motion supports the T Tauri star hypothesis. We note that the B star HD 117708 is within two arcminutes,but since it is fainter in 2MASS, it is unlikely to be physically associated.
As a further supplement, we also searched for additional nearby M dwarfs in the AKARI data from the analysis by Reid et al. (2004) . Many of these stars lack TiO5 measurements so we simply list them seperately in Tables 3. Twenty-nine stars are listed. Again, confused systems were excluded.
Analysis

Photospheres
Tables 2 and 3 list AKARI detections of a total of 950 K5-K7 and M dwarf systems. Our analysis is primarily based on the 939 systems in Table 2 which have high quality infrared data and spectroscopy. It is clear that for the vast majority of the target stars the AKARI detection is photospheric. To describe the correlation of spectral type and K s − m S9W color, we fit a line:
This agrees well with expectations for M dwarf photospheres. Included in Table 2 is the quantity ∆ 9 , which is the deviation between the observed color and that expected from Equation 5. The quantity N σ is ∆ 9 devided by the uncertainty reported in the AKARI catalog. N σ will be overestimated for bright stars with high signal-to-noise since the repeatability of AKARI is said to be 4%, and since 2MASS has errors of order 2-3%.
We also calculated synthetic photometry for NextGen model atmospheres with solar composition and log g = 5.0. Equation 6 is an adequate characterization of the temperature scale for our purposes (Reid & Hawley 2005) .
The predicted relationship is shown in Figure 2 . As expected from the small Spitzer samples, the observed mid-infrared spectral energy distribution agrees well with theoretical expectations for M dwarf photospheres.
For stars which have an AKARI S9W signal-to-noise of at least 20, the standard deviation about the fitted line is 0.10 magnitudes. If that group is further restricted to stars with m S9W < 6, it is only 0.07 magnitudes. The scatter is plotted in Figre 3. The difference between the observed and predicted (Eqn 5) color is given in Table 2 as ∆ 9 . N σ in the same table is the divided by the uncertainty in magnitudes due solely to the uncertainties reported in the AKARI catalog. As seen in Figure 2 , there is no apparent difference between active (dMe) and inactive (dM) dwarfs.
Aside from the T Tauri stars discussed in the previous section, only 50 stars are detected with L18W. The data are shown in Figure 4 along with the NextGen predictions. Again, the data match the predictions of model photospheres as expected. This sample necessarily consists of the brightest, closest M dwarfs and therefore overlaps with the pointed Spitzer studies discussed in the introduction.
Excesses and Debris Disks
Debris disks are reviewed by Wyatt (2008) . The AKARI M dwarf data set amounts to a calibration-limited sample that can be used to search for debris disks. Using Wyatt's equations 3 and 11, we can model our sensitivity limit in the S9W and L18W filters. The simple model assumes the debris disk dust is optically think, at a single temperature, and emits blackbody radiation. However, instead of simply using the ratio (B ν (λ, T ⋆ )[B ν (λ, T )] −1 ) at a single wavelength, we use the ratio of a stellar NextGen model to the blackbody dust as observed through the AKARI filters. The results are shown in Figure 5 for three model stars assuming a detection limit of 0.4 magnitudes above the photosphere at S9W and Figure 6 for L18W assuming a detection limit of 0.5 magnitudes. f is L IR /L * . The "hot" debris disks in the range 600K-200K include a significant amount of emission towards the red end of the S9W filter (10-12 microns.) The traditional definition of a debris disk is f < 0.01, so for an M4 (3200K) dwarf the S9W detection limit lies above the debris disk regime. For hotter stars which make up the bulk of the sample, we are sensitive to massive debris disks that lie close to the star, just inwards from the "habitable zone." Planetary collisions or other transient events might also produce large f . Although the L18W filter appears more sensitive, that is somewhat misleading since only a few objects are detected at L18W.
As noted previously, the AKARI-2MASS data shows considerable scatter, more than one would expect from the reported uncertainties. While metallicity variations and other intrinsic scatter may be contributing, it seems likely that the errors are simply underestimated. Despite the scatter,we find no good debris disk candidates in Tables 2 and 3 until near, or below, the S9W 0.4 magnitude limit plotted in Figures 5. None lie above the L18W 0.5 magnitude limits 6. Neither magnetically active (dMe) nor inactive (dM) stars have such large excesses. Figure 7 shows the distribution of AKARI signal-to-noise measurements for the Table 2 sample. (We also caution again that many excesses may be found by naively matching AKARI and 2MASS, but these are due to double 2MASS sources matched to single AKARI sources.) Overall 191 detected stars in Table 2 have Hα emission and 748 do not. Although dominated by old and single stars, the sample necessarily includes young field stars and binary systems with separations less than ∼ 3 arcseconds, or ∼ 50 AU. ?5.0 %of "young" (< 200 Myr) have cold debris disks and < 10% of "old" ( 1 Gyr) M dwarfs have cold debris disks. Gautier et al. (2007) note that no examples of warm (24,70 or 160 micron) debris disks around "mature" M dwarfs are known and place a upper limit of 14% n their frequency from their twenty stars. This sample of M dwarfs within 5 parsecs is dominated by older stars. However, Plavchan et al. (2009a) report the discovery of three M dwarf debris disks with Spittzer/MIPS, but the specific objects have not yet been published, so the fraction is unknown.
The detection limits seen in Figure 5 are rather large; nevertheless, the search for bright disks is valuable. Wyatt (2008) describes cases where the presence of hot dust around more massive stars is difficult to understand. For M dwarfs, Plavchan et al. (2005) noted that "the characteristic grain removal timescales from [Poynting-Robertson] drag are significantly longer than for earlier type dwarfs due to the relatively lower luminosities in late-type dwarfs." They also showed dust grains cannot be blown out by M dwarf radiation pressure. These considerations suggest that hot dust grains could be common around M dwarfs. Since, however, they did not find any excesses in their young M dwarf sample at 11.7µmm, they proposed that stellar wing drag might be responsible for removing grains. They predict f ≈ 10 −6 , well below our reliable, but conservative, detection limits above, if this model is correct. The present AKARI-based results so far seem support that model. However, as seen in Figure 2 , if one pushes to lower detection thresholds in S9W there are candidate excesses.
The best candidates for hot debris disks are listed in Table 4 . LHS 4058, Gl 121.1, LHS 3799, Gl 821, and Gl 828.2 all have high signal-noise-measurements in AKARI and are ∼ 30% − 40% brighter than expected. These excesses are more than ten times the error due to AKARI alone. On the other hand, the observed scatter is larger, and given the large sample we expect some outliers, so independent confirmation is required. None of these are detected in the L18W band but with m S9W > 6.3, detections are not expected. Casagrande et al. (2008) provide a detailed analysis of the effective temperatures and metallicities of a large sample of M dwarfs, including Gl 828.2 and Gl 821. For those two stars, their luminosities and temperatures in Table 4 and use them to calculate f . For the other three stars, we estimate temperatures using Equation 6 and Casagrande et al. (2008) 's equation M bol = 2.07 + 1.08 × M K . For LHS 4058, the given distance is the PMSU spectroscopic estimate; the other four have Hipparcos parallaxes. For ages, an upper limit (for the Hα emission star) or lower limit (for the non-emission stars) are given using the prescription of West et al. (2008) . If all five truly have debris disks, then the overall M dwarf debris disk fraction would be ∼ 1%. Casagrande et al. (2008) claim that Gl 828.2 and Gl 821 are metal-poor ([m/H] = −0.52± 0.2 and −0.65± 0.2, respectively) which would make a massive debris disk rather surprising. Casagrande et al. (2008) discuss the challenge of estimating metallicities from broadband colors in detail. Even if all five have hot debris disks, we can still say with 95% confidence, that frequency of hot, bright debris disks is < 2%.
A number of additional stars deserve discussion. The stars Gl 526, Gl 799 (AT Mic), Gl 803 (AU Mic), Gl 842.2, and Gl 907.1 have confirmed or suspected debris disks at longer wavelengths but definitely have no excess at S9W. Plavchan et al. (2009b) find AT Mic (Gl 799A), a β Pic moving group member, is 15% brighter at 24 microns than expected. This corresponds to only 0.15 magnitudes, difficult for us to recognize given the apparent scatter. We find K s − m L18W = 0.86, implying an excess of 0.11 magnitude compared to the NextGen models, consistent with the better Spitzer data. They also find no 24 micron excess for AU Mic, consistent with our detection at L18W (K s − m L18W = 0.29). Ten of our detected systems -Gl 179 (Howard et al. 2010 ), Gl 317 (Johnson et al. 2007 ), Gl 436 (Butler et al. 2004 ), Gl 581 (Bonfils et al. 2005) , Gl 649 (Johnson et al. 2010) , Gl 674 (Bonfils et al. 2007) , 832 (Bailey et al. 2009 ), Gl 849 (Butler et al. 2006 ), Gl 876 (Rivera et al. 2005 ) and GJ 1148 (Haghighipour et al. 2010 ) -have known planets: none are even 0.1 magnitude brighter than expected, ruling out hot debris disks.
Conclusion
The better resolution and sensitivity of the AKARI sky survey relative to IRAS allows a sample of nearly a thousand late-type K5-M6 dwarfs detected in a broad filter centered at 9 microns to be identified, with fifty detected at 18 microns. The observed brightnesses of the vast majority are consistent with the model photosphere predictions. Five stars with apparent excesses of ∼ 30% in the S9W micron filter are identified. Given the likelihood of a few extreme outliers in a large sample, they require further follow-up to be confirmed as hot debris disk systems. In any case, hot debris disks are rare. In the 18 micron filter, a 10% excess is observed for the star AT Mic, which is consistent with a previously reported excess at 24 microns.
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